The stagnation phenomenon of isotropic hardening is observed in the cyclic loading behavior of metals. An extended formulation of this phenomenon is formulated so as to describe the smooth evolution of isotropic hardening by incorporating the concept of the subloading surface, which falls within the framewodc of stress space formulation. In addition it is furnished with the controlling function of the isotropic hardening stagnation variable and thus it does not require any return-mapping algorithm.
Introduction
The isotropic hardening of metals is induced by the equivalent plastic strain. It is observed in experiments for the deformation behavior of various metals that the isotropic hardening stagnates despite of development in the equivalent plastic strain for a certain range in the initial stage of re-yielding after the reverse loading. This phenomenon influences remarkably the cyclic loading behavior in which the reverse deformations are repeated. In order to describe this phenomenon the idea of the nonhardening region postulating that the isotropic hardening stagnates when the plastic strain exists in a certain region in the plastic strain space was proposed by Chaboche et al.1) ( see also Lemaitre and Chaboche2)) and improved by Ohno3) and Ohno and Kachi4) . It is similar to the concept of yield surface assuming that the plastic strain is induced when the stress reaches it. However, the accumulation of plastic strain rate has not any physical meaning except for the case that the principal axes of plastic strain rate are fixed. Further, needless to say, the movement of nonhardening region cannot be shown in the stress space and thus it has to be demonstrated separately from the yield surface. Further, It was modified by Yoshida and Uemori5), 6) into the stress space formulation as the isotropic hardening stagnates when the back stress exists in the certain region of stress space. However, it cannot describe the stagnation behavior of isotropic hardening in materials without the kinematic hardening.
In these formulations, the isotropic hardening is induced suddenly when the plastic strain or the back stress reaches the isotropic hardening surface violating the smoothness condition7)-10). Then, Hashiguchi and Yoshimaru11) improved these formulations of Chaboche and Ohno so as to describe the smooth development of isotropic hardening by incorporating the concept of subloading surface.
A pertinent formulation of isotropic stagnation behavior is given below by incorporating the concept of the subloading surface falling within the framework of stress space formulation and is free from the kinematic hardening.
It is capable of describing the smooth evolution of isotropic hardening. In addition it is furnished with the controlling function of the isotropic hardening stagnation variable and thus it does not require any return-mapping algorithm.
Strain rates and volumetric strains
Denoting the current configuration of the material particle as x and the current velocity as v , the velocity gradient is de- 
where De is related linearly to the stress rate as follows: 
Further, it holds from Eqs. (11) and (13) Fig. 2 ).
where U is a monotonically decreasing function of the normal-yield ratio R , fulfilling 
On the other hand, the following function has been used widely so far.
However, an analytical integration cannot be obtained from Eq.
(24) with Eq. (28) and thus Eq. (28) is inconvenient to formulate the return-mapping method attracting the stress to the subloading surface 13). By adopting the following function for u the stress-strain curve is modified such that the stress returns quickly to the monotonic loading curve in the reloading process after the unloading.
where ua and ub are the material constants.
The evolution rule of the similarity center is given as
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The stress rate is given from Eqs. (1), (2) and (40) as (41) The loading criterion is given as follows15),10): 
Now, it is assumed that the isotropic hardening variable evolves under the conditions: 1 ) The isotropic hardening is induced when the plastic strain rate is directed the outward of the sub-isotropic hardening surface.
2 ) 
where U(R) is the monotonically-decreasing function of R fulfilling the conditions (see Fig. 3 ):
•\ 267•\ (53) (54) where u is the material constant. Eq. (54) has the same form as Eq. (26) with Re= 0 . The stress-strain curve is predicted sufficiently well by the model. The relationship of the accumulated strain and the number of cycles is shown in Fig. 6 . It is also predicted quite well.
Concluding remarks
The cyclic stagnation phenomenon of isotropic hardening observed in metals is formulated pertinently in the stress space formulation with the smooth development of isotropic hardeningby incorporating the concept of the subloading surface. It will contribute to the improvement of mechanical design of machinery and structures made of metals in engineering practice. 
